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ABSTRACT 
Public health departments struggle to maintain costs while sensitively targeting contacts 
of patients with infectious tuberculosis. The homeless populations in shelters have high 
degrees of contact exposure and are difficult to trace and treat. Once left untreated, a 
contact can continue the spread of tuberculosis and worsen a tuberculosis outbreak. It is 
important for public health workers to quickly identify all the at-risk contacts and to 
contain costs by specifically excluding any contacts with insignificant exposure. The 
Boston Public Health Commission utilizes electronic bed logs in the homeless shelters to 
measure the exposure duration and proximity. From this, it was desired to create a tier 
system in which a level of exposure could be linked to risk of tuberculosis infection. Two 
cases that occurred in 2006-2007 in Boston homeless shelters were studied. Electronic 
bed records were gathered for all nights when each index case stayed at their respective 
shelter. An exposure score was assigned as the sum of proximity-based ranks over the 
total number of nights within three beds of the index case. Priority risk groups were 
assigned from these scores. Tuberculin skin test (TST) converters had the highest mean 
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(12.3, range 0.5-35) exposure score, followed by contacts with only a negative baseline 
TST (4.0, range 0.5-30). The lowest scores (2.0) were seen in the group with no TST 
results and in those with a documented prior positive TST. Among contacts with two 
appropriately timed TSTs, persons with exposure scores >10 had 24 times the odds of 
converting their TST compared to those with exposure scores <2. Increasing exposure 
scores were associated with increasing odds ratio of conversion (0.84, 4.80, and 24.0). 
Only exposure scores >10 were significantly associated with TST conversion. Our work 
suggests that an exposure score may provide a simple quantified estimate of the duration 
of exposure. Primitizing follow-up to those persons with higher exposure scores reduces 
the number of persons in whom testing is needed. Including the group of those with no 
TST information and those with only a negative baseline TST, targeting exposure scores 
of> 4.5 reduces the target group for whom testing was recommended by 77% (548 to 
124), while maintaining high sensitivity for potential converters. 
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Introduction 
Tuberculosis (TB) outbreak investigations utilize contact tracing as the principle 
means of containing the spread of the disease. This method of investigation is often 
effective, but is also inefficient. The inefficiency is costly to public health 
departments that could otherwise utilize their already limited resources to address 
other concerns. Although TB incidence in the United States has been declining since 
1992, a single outbreak left undetected or uncontained could produce devastating 
results (Centers for Disease Control and Prevention (CDC), 2010). With air travel 
and increasingly drug resistant strains of Mycobacterium tuberculosis being 
introduced around the world, the ability to identify TB cases and to efficiently test 
high-risk contacts for new infection is essential. 
In many urban homeless shelters, health departments face an additional challenge 
of higher rates of TB transmission caused primarily by crowded living space, a higher 
likelihood of progression from latent TB to active TB disease due to underlying 
poorer states of health, and the transient nature of the population in many shelters and 
other congregate settings (C. Leung et al., 2008). Currently, most contact 
investigations are guided by the concentric circle approach in which the level of 
contact with the index case is measured by the location of exposure (well or poorly 
ventilated, small bedroom or large hall) and by the type of interaction (close or 
casual) (Jereb et al., 2003). Additional variables, such as infectiousness of the index 
case and health status of the susceptible contact, allow for more specific targeting. 
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Although the symptoms and past medical history of the index case can be easily 
attained, health information about the transient homeless population that may have 
been in contact with an infectious TB case is not as readily available (Morrow, 
Cibula, & Novick, 2003). 
When a contact investigation is more urgent, as is the case with a smear positive 
index case, more emphasis and resources are placed on identifying additional cases of 
TB disease and new TB infections [tuberculin skin test (TST) converters]. Ideally, 
the investigator would only need to test those who were in contact with the index 
case, particularly those who are at high risk of both infection and progression to TB 
disease. In homeless shelters, there can be substantial periods of exposure. If 
sufficient time has lapsed for an infected contact to develop active infectious TB, 
there is potential for higher number of new converters (Yun et al., 2003). The density 
of the population in the homeless shelter is roughly proportional to the risk of 
transmission of the infection. Therefore, a high density or frequent close exposure 
would lead to a greater possibility of transmission, and vice versa (McGowan & 
Blumberg, 1995). 
The environment of many homeless shelters can foster rapid transmission of 
infection. Inadequate ventilation in already crowded shelters contributes to TB 
transmission. This is compounded by a high prevalence of such risk factors as human 
immunodeficiency virus (HIV) infection, malnutrition and alcohol and drug use, all 
associated with an increased risk of developing active disease among those infected 
(Barry et al., 1986; Menzies, 1997; Curtis et al., 2000; Mitruka, 2011). Once 
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identified, prompt and effective treatment of the index case is crucial to prevent 
ongoing transmission of infection and emergence of drug resistance as a result of 
inadequate treatment (CDC, 1992; Hwang et al. , 2008). 
Contact investigations in homeless shelter populations are often characterized by 
large numbers of contacts identified using surrogate measures for degree of exposure 
including bed logs and interviews with the TB case and key informants such as health 
care providers (CDC, 2003). A challenge in managing these contact investigations is 
finding identified contacts that may move between sites including drug treatment 
programs, correction facilities, and other locations. Measures to improve estimates of 
the degree of exposure can help to prioritize those at highest risk of infection for 
testing and evaluation, and to maximize the efficiency and effectiveness of contact 
investigations. 
Due to the difficulty in tracking populations that are normally at high risk of 
tuberculosis infection, many public health departments rely upon statistical models to 
narrowly target a contact population. In 2002, Bailey and the Alabama Department of 
Public Health developed a predictive model to identify positive TST results during 
contact investigations using data from various previous contact investigation studies. 
Risk factors for transmission were analyzed. The team focused on factors that 
influence index case infectivity and contact susceptibility. Utilizing a multivariate 
logistic regression analysis, they tested the model and later validated the model by 
using data from a prospective cohort of new TB cases and contacts. The model 
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maintained sensitivity of 89%, while reducing the high-risk group of contacts by 78% 
(Bailey, 2002; Aissa et al., 2008). 
Many homeless shelters in Boston use electronic bed logs, providing an efficient 
method to track the location of residents while they are staying at a particular shelter. 
The proximity of contacts to the index case and the duration of time within a defined 
proximity can be more accurately traced through these logs. When entering a Boston 
shelter, a unique identification number for the bed occupied by each resident on a 
given night is entered into an electronic system. The log allows the Boston Public 
Health Commission's Infectious Disease Bureau to account for both the proximity to 
and the duration of contact with a resident with active pulmonary TB. Information 
from the electronic bed tracking system was used to develop an exposure score to 
identify contacts at high risk to better target contact investigation resources and 
follow-up . 
Much of the developed world has drastically decreased the incidence rates of 
tuberculosis- of both latent tuberculosis infection and active tuberculosis disease. 
Rates still persist at higher levels in jails and homeless shelters. In order to move 
toward elimination of tuberculosis in the United States, attention must be focused on 
these types of locations. Administrations in both locations have the capability of 
tracking through a similar electronic logging method. 
Beyond this study, the aim is to deliver a risk assessment tool that can be 
integrated into other shelter systems. Other regions of the country utilize various 
techniques to narrow the target population for contact investigations. Through 
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predictive models and the assessment of factors related to contact susceptibility, these 
agencies have developed strong data and assessment tools. BPHC has developed a 
system to use readily available data to define risk of TB infection among persons 
exposed in homeless shelters. This study was the first step in trying to determine 
proper duration and proximity exposure score, validated by TST results and treatment 
outcomes in the contact investigation target population. 
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Objective 
Estimate the degree of exposure to an infectious TB case using electronic bed logs 
The likelihood of infection depends on the intensity, frequency, and duration of 
exposure (Marks et al., 2000; Bailey, 2002; Gerald et al., 2002; Reichler, 2002). The 
optimal cut-off for exposure duration to prioritize contacts has not been determined. 
To perform a cost-effective, yet adequately sensitive contact investigation, the goal 
should be a positive TST rate equal to that of the background rate ofTB infection in a 
given population. This "rate" is not technically a rate; it is the normally occurring 
prevalence within the given population being studied. While the United States has a 
background rate of TB infection of about 6.8%, an estimate of the rate in the 
homeless population is higher at approximately .18% (Curtis et al., 2000; Hwang et 
al., 2008; CDC, 2010; Mitruka, 2011). Therefore, when building the model or risk 
scale to assess risk of infection due to exposure proximity and duration in the 
homeless shelter setting, a positive TST rate of 18% or less would equal the 
background rate. Reaching the background rate indicates that the contact 
investigation reached sufficient contacts (Bailey, 2002; Aissa et al., 2008). 
We retrospectively evaluated an exposure score based on the proximity and 
length of time exposed to a TB index case using information from electronic bed 
logs. The aim was to develop an easy to use method to identify contacts at high risk 
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of infection, and to provide an efficient and cost effective method to identify persons 
infected by the index case. 
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Definition of terms 
Contact Investigation 
The objectives of contact investigation are to reduce morbidity due to TB by early 
identification and adequate treatment of contacts infected with TB by the index case, 
and to prevent ongoing transmission by early detection of possible secondary cases of 
TB disease (Erkens et al., 2010). Once a case of infectious TB disease is identified, a 
clinical evaluation including radiological studies and case management interviews are 
conducted. A list of contacts is developed using the location and interactions with the 
index case during the likely infectious period. Ideally, the contacts' susceptibility 
characteristics (medical conditions, age) are gathered to determine those that are at 
high or medium risk of progression to TB disease if they are infected. The contacts at 
risk are screened using a TST and those with TST reaction greater than or equal to 
5mm of induration undergo a clinical evaluation including chest radiograph and 
potential initiation ofTB treatment (for latent infection or TB disease). 
If the rate of infection exceeds 10% or twice the rate of a similar population 
without exposure, the group of contacts in whom testing is indicated is expanded. 
TST conversion, defined as an increase of greater than or equal to 10 mm of 
induration within two years and is likely to represent recent infection, is associated 
with an increased risk of progress to TB disease (CDC, 1992; Horsburgh, 2004; 
National Tuberculosis Controllers Association & CDC, 2005). If testing ofthe 
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closest, high-risk contacts is not suggestive of ongoing transmission, additional 
contact testing is not indicated. 
Index Case 
Otherwise known as the "primary case," the index case is the source of disease 
during a possible outbreak. From this source, exposed individuals may be at risk for 
infection. The exposed population is considered "contacts." As the investigation 
progresses, infected individuals can be classified as secondary, tertiary, and so on, 
depending on the exposure believed to cause the infection. 
Infectious Period 
One of the most important factors in determining the number of contacts infected 
by an index case is time elapsed before the diagnosis is made and effective treatment 
initiated. Infectivity declines after initiation of appropriate treatment, but estimating 
the precise period of infectivity is difficult. Cough onset is often used as the principle 
indicator. In the absence of cough, the infectious period can be traced back to any 
respiratory symptoms associated with tuberculosis disease (Small et al., 1994; 
Talarico et al., 2011 ). These symptoms can include, but are not limited to chest pain 
and shortness of breath (National Tuberculosis Controllers Association & CDC, 
2005). 
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Pulmonary TB cases with a positive sputum smear are generally considered to 
have been potentially infectious for the period the patient is known to have been 
coughing, or initially to a maximum of three months prior to diagnosis. Cavitation 
identified on chest radiographs increases the assumed degree of infectiousness. 
Culture-positive pulmonary TB cases with negative sputum smears are often 
considered potentially infectious for a period of one month prior to TB diagnosis, 
with infectivity assumed to be higher in the presence of a cough or a cavity on chest 
radiograph. A person with drug susceptible pulmonary TB is generally considered 
potentially infectious until the person has completed two weeks of appropriate 
treatment as long as the case is symptomatically improving and there is no suspicion 
for multidrug-resistant TB (National Tuberculosis Controllers Association & CDC, 
2006). 
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Infectiousness Predictive Variables 
Exposure proximity and duration 
In most contact investigations, the measurement of exposure proximity and 
duration is extremely difficult to estimate accurately. Recall bias in the index case 
and subsequent contacts can be significant (Menzies, 1997; Marks et al. , 2000; C. C. 
Leung et al., 2008). Nighttime sleeping hours in close contact with a constant 
environment have shown in various studies to be the strongest risk factor related to 
transmission of infection (Curtis et al., 2000; Dasgupta et al., 2000). 
Cavitary disease on radiograph 
Cavitation on chest radiograph is a slightly stronger indicator of infectious TB 
than a positive sputum smear. Cavities are visible due to lung lesions. If present, the 
lesions are usually found in the superior lobes and may indicate prior TB or 
reactivation of primary disease (Macintyre et al., 2000; Horsburgh, 2004). 
Acid-fast bacilli (AFB) smear 
Microscopic examination of sputum smears for AFB is widely used to assess 
infectivity of a pulmonary case (Hemandez-Garduno et al. , 2004; Erkens et al., 
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2010). Although cases with positive sputum smears are considered more infectious, 
several studies have suggested that smear negative cases are responsible for 
approximately 17% ofTB transmission (Menzies, 1997; Siddiqi, Lambert, & Walley, 
2003 ; Talarico et al., 2011). The threshold for detecting AFB on light microscopy 
with carbol fuchsin stain is about 5000-10000 bacilli/mL. If sufficient bacilli appear 
on the smear, the investigated case would be considered "smear positive." 
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Methods 
Case Descriptions 
In order to test the effectiveness of the electronic bed logs in determining the risk 
of exposure proximity and duration in the transmission of tuberculosis, the Boston 
Public Health Commission chose two cases of newly diagnosed active tuberculosis as 
the index cases. In February and April2007, two males with symptomatic, pulmonary 
TB disease were reported to the BPHC. No relationship between the two cases was 
identified. Both cases had cavitary disease on radiograph. They were also both smear 
positive and culture positive for Mycobacterium tuberculosis. Each case resided at a 
different large homeless shelter in Boston. 
Following the report of shelter staff and patient history from each index case, the 
infectious period was determined. Both cases were able to identify an approximate 
time of onset of symptoms, such as a persistent cough. The period was considered to 
end after identification and initiation of two weeks of treatment. The infectious period 
for the first index case was defined as November 2006 to February 2007. For the 
second index case, the infectious period spanned February 2007 to April2007. 
During these two time periods, contacts with the index cases were targeted, 
identified, and investigated. 
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Contact investigation 
Case contacts were identified using standard procedures as detailed by the contact 
investigation guidelines of the National Tuberculosis Controllers Association and 
CDC (Logan et al., 2007). Contacts exposed to persons with acid-fast bacilli sputum 
smear-positive or cavitary tuberculosis cases were assigned high prioritization. When 
exposure is related to households, congregate living settings, or cough-inducing 
medical procedures, contacts are designated as high priority (CDC, 2005). A cut-off 
for exposure duration is not included, due to the limited knowledge of the 
measurement and effect of this factor. 
A TST was recommended for all persons identified as contacts without a prior 
documented positive TST. Interpretation of TST results followed CDC guidelines. 
All persons with a positive TST (~5mm) were referred for chest radiographs and an 
evaluation for tuberculosis treatment (latent TB infection or TB disease). Persons 
with a documented history of a positive TST had a symptom screen; those with 
symptoms consistent with tuberculosis were referred for an urgent clinical evaluation. 
In addition, their medical records were reviewed for prior TB related clinical 
evaluations, chest radiographs, treatment recommendations and outcomes subsequent 
to the prior documented positive TST. If an incomplete or partial evaluation was 
noted, the individual was referred for a non-urgent TB evaluation. 
New positives were defmed as persons with a positive TST at baseline after 
exposure, and no prior TST results. A converter was defined as an individual with a 
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documented negative TST in the prior 24 months with an increase of;:::10mm 
induration in the current TST. 
Exposure score 
To assess exposure, BPHC obtained the electronic bed logs of guests for all 
nights when each case stayed at their respective shelter during the three months prior 
to diagnosis. Potential contacts were defined as guests who slept within 1, 2, or 3 
beds of the case on any given night (Figure 1). An exposure score was calculated to 
weight and rank the relative duration (number of nights) and proximity (bed distance) 
of exposure. Exposure score was defined as the sum of the values for each individual 
exposure (i.e. each night spent at the shelter) as follows: for each instance an 
individual slept in an adjacent bed, an exposure score of 3 was assigned, for each 
instance an individual slept within 2 beds, an exposure score of 2 was assigned, and 
for each instance within 3 beds, a score of 1 was assigned (Table 1). In addition, one 
shelter site allows guests to sleep on mats in a lobby area during cold or inclement 
weather; for nights spent in this area, an exposure score of0.5 was assigned. For each 
person identified as having a non-zero exposure at some point during the infectious 
period, a cumulative score was calculated based on the assigned value of each 
individual exposure. For example, an individual with exposure to a case on 2 nights 
with 1 night within 2 beds (exposure score = 2) and 1 night within 3 beds (exposure 
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score = 1 ), would have an exposure score of 3 (2 + 1 = 3). Exposure scores were then 
categorized into priority risk groups. 
The risk groups were assigned with the knowledge that the proximity to the index 
case was highly associated with the transmission of tuberculosis. The scale to 
determine distance and measure of risk was not exact. The beds in the locations vary 
slightly in proximity to each other. Nevertheless, the distance between beds remains 
relatively consistent. 
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Table 1. Exposure Score: weighted to relative amount of exposure for each contact 
The weights of these scores have not been validated to date. Appropriateness of using 
the exposure score was assessed through stratification. 
Exposure Description Value 
Slept within 1 bed of TB case 3 
Slept within 2 beds of TB case 2 
Slept within 3 beds of TB case 1 
Slept in Lobby/Common space 0.5 
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Figure 1. Proximity to index and bed location exposure weight 
The contacts in the lobby/common space (0.5 score) would be outside this space. 
"X" represents the index case and numerical values represent exposure score relative 
to proximity. 
1 1 1 1 1 1 1 
1 2 2 2 2 2 1 
1 2 3 3 3 2 1 
1 2 3 X 3 2 1 
1 2 3 3 3 2 1 
1 2 2 2 2 2 1 
1 1 1 1 1 1 1 
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Results 
During the investigation 846 contacts were identified, 106 (12.5%) of whom had 
a documented prior positive TST results. Of the 740 contacts eligible for testing, 453 
(61.2%) were not tested. Two hundred eighty seven contacts received at least one 
test. Of the 144 contacts with only baseline TST results, 95 (66%) were negative and 
49 (34%) were new positives. Appropriately tested contacts were those that were 
tested two to eight weeks before contact, followed by a second TST placed more than 
one to three weeks after contact. Two appropriately timed TST results were available 
for 143 contacts, 130 (90.9%) of who were negative and 13 (9.1 %) were TST 
converters, suggesting recent infection (Figure 2). 
Among contacts with two appropriately timed TSTs, persons with exposures 
scores > 10 had 24 times the odds of converting their TST compared to those with 
exposure scores <2. Increasing exposure scores were associated with increasing OR 
of conversion (0.84, 4.80, and 24.0). Only exposure scores > 10 were significantly 
associated with TST conversion (Table 3 ). 
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Figure 2. Contact investigation results 
Flow chart with the sample and results to the right and exclusions 
to the left 
846 Total 
Contacts 
I 
106 (12.5%) 
Documented 740 (87.5%) 
prior positive TST indicated 
TST 
l 
I 
453 (61 .2%) 
NoTST 287 (38.8%) 
information TST performed 
available 
I I 
144 (50.2%) 143 (49.8%) 
Baseline TST Two 
only appropriately 
timed TST tests 
l l 
I I I I 
49 (34.0%) 95 (66.0%) 13 (9.1 %) 130 (91.9%) 
NewTST Negative TST Negative 
positive baseline TST converters TST 
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Table 2: Exposure Score Summary Statistics 
A complete listing of all identified contacts classified into categories based on 
testing completed. Each contact type is shown with the type 's respective mean 
exposure score, range, and median. 
1 Negative, appropriately timed TST 
2 Negative TST, need 2nd TST 
3 Not tested or no available information 
4 Previous positive TST 
5 Positive TST (no previous information) 
6 Positive TST converter 
21 
130 
95 
453 
106 
49 
13 
3.2 0.5- 33 
6.8 0.5- 30 
3.1 0.5- 21 
4.6 0.5- 35 
4.9 0.5- 36 
12.3 0.5- 35 
2.7 
4.0 
2.0 
2.0 
3.0 
10.0 
Table 3: Risk ofTST Conversion by Exposure Score 
Odds ratio for exposure scores greater than 2 are compared against the group of 
scores less than 2. 
< 2 48 2 4% 
2-4 57 2 3% 0.84 0.11-6.2 
4.5- 10 20 4 17% 4.80 0.8-28.3 
> 10 5 5 50% 24.0 3.6-157.1 
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Figure 3: Exposure score group vs. Odds ratio of conversion to positive TST 
Odds ratio for exposure scores greater than 2 are compared against the group of 
scores less than 2. 
30 
25 . -~~~~--
20 -~~-~ -~-
15 ~---
-+- Odds Ratio 
10 . 
5 . 
0 
<2 2-4 4.5-10 > 10 
Exposure Score Group 
Five hundred forty eight contacts had either no TST results or only a negative 
baseline test. Of the 548, 424 (77.3%) had exposure scores 4 or lower. Using the 
conversion rate (9 .1 %) found in those who completed the evaluation, an estimated 14 
converters were not identified. There were 87 persons with exposure scores 4.5-10 
and an estimated 15 potential converters were not tested. In the group with exposure 
scores of> 10, 37 persons did not complete the evaluation and 18 estimated potential 
converters were not tested (Table 4). 
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Table 4: Estimating missed TST conversion exposure scores for contacts with 
incomplete or missing results 
< 2 
2-4 
4.5- 10 
> 10 
Missing results were calculated from the conversion rate of appropriated tested 
contacts (9.1 %). 
19 162 181 4% 7 
34 209 243 3% 7 
21 66 87 17% 15 
21 16 37 50% 18 
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Discussion 
Current guidelines consider homeless shelters high priority settings for TB 
exposures. These facilities often serve a large number of persons with complex 
medical problems, psychosocial issues, and high rates ofhousing instability. Despite 
intensive efforts, 548 of 846 identified contacts (64.8%) had no TST information or 
only a negative baseline TST. Exposure scores for identified contacts ranged from 
0.5 to 30 indicating a one-night lobby stay to multiple night stays in adjacent beds. 
The challenge of defining risk was further complicated by a high prevalence of 
individuals with a prior positive TST (36%) which is much higher than that reported 
in other settings (CDC, 2003). The availability ofBPHC TB Clinic records as well as 
other electronic medical records maximized the identification of persons with a 
history of TB infection. 
There is currently no well-defined cut-off to determine significant exposure to a 
TB case, and the environment in large homeless shelters presents even more of a 
challenge in this regard. Our work suggests that an exposure score may provide a 
simple quantified estimate of the duration of exposure. Persons with a score > 10 
were 24 times more likely to have TST conversions compared to those with a score 
<2. A dose response was seen with increasing exposure scores associated with 
increased odds ofTST conversion (Figure 3). 
Prioritizing follow-up to those persons with greater exposure scores reduces the 
number of persons in whom testing is needed. Including the group of those with no 
TST information and those with only a negative baseline TST, targeting exposure 
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scores of > 4.5 would have reduced the target group for whom testing was 
recommended by 77% (548 to 124), while maintaining high sensitivity for potential 
converters. Systematic reviews of results within exposure score categories could 
identify "concentric circles" and help determine when the background rate of TST 
positivity has been reached, requiring no further testing needed. This systematic 
process would avoid the inclusion of persons with low likelihood of infection and 
allow public health resources to be targeted to higher risk contacts. Distributing a list 
of those at highest risk to shelter staff would refine surveillance for secondary cases. 
With a cutoff ofless than 4.5, the conversion rate would be 3.8% well below the 
background rate of the homeless population of 18% and the national estimate of 6.8% 
(CDC, 2010), the CDC would recommend stabilization or narrowing of the contact 
investigation target population. The availability of quantifiable exposure duration 
enables public health departments to better target contacts and to maximize resources 
that improve the outcomes of contact investigations: This research does not provide a 
hard cutoff of a single exposure score. The data provides an estimate of risk due to 
proximity and duration, measures that are more methodically collected in this study 
than in any other study on outbreaks in homeless shelters. Although highly 
significant, this exposure measure is only one factor in the risk of transmission. 
Nevertheless, the high significance allows for a more focused contact investigation. 
This work had several limitations including the fact that 61 .2% of contacts had no 
TST information. Although 371 of these contacts had exposure scores less than 4.5, 
there were two converters in each of the < 2.0 and 2.0-4.0 exposure score groups. 
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Potential explanations for this finding include social connections with the index cases 
not identified through the electronic bed register, or the effect ofTST boosting. As is 
common in most contact investigations, information on other medical conditions, 
such as HIV and diabetes mellitus that may increase the risk of progression to TB 
disease once an individual is infected, was unavailable. In addition, the model 
assumed that the risk of disease in those exposed 90 days prior to diagnosis of the 
index cases was the same as the risk one day prior to diagnosis. The infectiousness of 
the index case and susceptibility of the contacts can fluctuate over that time period. 
Future efforts to prospectively validate this approach are needed. In addition, the 
inclusion of factors such as time from diagnosis may improve the sensitivity and 
specificity of the model; however, improvements in sensitivity and specificity need to 
be balanced with the functional unity of a model. The availability of electronic 
information can potentially improve the feasibility for public health to generate 
exposure scores to guide the improved cost effectiveness of public contact 
investigation. Even with the potential of electronic information systems, access to 
surveillance data could be limited on a state-by-state basis depending on its 
respective privacy policies. Without proper policy in place, both the study and the 
implementation of such systems would suffer. Therefore, further research is needed 
to sufficiently prove the efficacy of the tracking systems. 
This work provides preliminary evidence of the utility of simple models to 
prioritize TB contact investigations in large congregate settings such as homeless 
shelters. Improving the efficiency and effectiveness of TB contact investigations is 
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essential to find additional cases of disease and to focus resources in ensuring that 
those with TB infection (latent TB or TB disease) are adequately treated. The goal of 
tuberculosis elimination in the United States will require a renewed focus on contact 
investigations and emphasis on treatment outcomes in recently infected high-risk 
populations. 
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